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LCT PROTECTIVE DUMP SWITCH TESTS*

W. M. Par.ons
Los Alamos Natinnal Laboratory

Los Alar~a, NM

Summary
Each of the six colls in the Large Cof! Task (LCT)

hac a separate power supply, dump resistor, and
switching circuit. Each switching circuit contains
five <witches, two of which are redundant. The three

rcmaining switches perform separate duties in  an
emergency dump situation. Theso three switches were
tested to determine their ability to meet the LCT

conditions,

The power supply crowbhar switch in LCT is required
to close on 25 kA at a low voltage and to rarry this
current on a continuous basis. An o1} cooled, high
current bypass switch was successfully tested for over
200 make operations at 25 kA and run continuously for
eicht hours without excessive temperatu-e rise.

The interrupter bypass switch in LCT f{s
tc carry ?22.5 kA continuously and to fnterrupt this
current and divert 1t {into a parallel connected dc
fnterrupter. 1t must then withstand a 5 kV arc voltane
qenerated hy the dc interrupter followed by a 2.5 k¥
dump resistor voltage. More than 200 synthetic tests
were  performed at ?5 kA and 10 kY, Almost an

required

additional tests 1involving full current transfers ana
circult breaker interruptions were also completed.
Roth sets of tests were done with and without oil in
the switch,

The dc interrupter in 10T 15 required to divert
2% KA into a 0.1 ohn, 20 resistor, Thig
commercially available switch was suhiected to over 120
interruptions ranging from % to 28 kA, Although every

interryption was success ful, the hreaker had
congiderable trouble interrupting currente. with
recovery valtaqes in pxcess of ahout 1.5 kv, Twao

interrupters  connected
at these higher voltaqes,

in series impraved performance

Introduc tion

ICT at the Oak Qidqe
will test an

National
array of s

Lahaoratory  (OEN])
superconduc ting toh amal

tornidal  fleld c¢ofls, The high enerqy and  (ost
associated with each call  necessitates the uyse of o
protective drmp circult in an emergengy
situatior. ! fiye fndividual switches and a  dump

re dstor comprise each pratective dump circuit,
the five switches are redundant,

Two of

The threer reamining swi'tches are the power supply
crowhar switch (PLOSY ) the Interrupter bypass  switch
(9P, and the dc ctrcult hreaker (DECAY, Reth PACY and
e are modified wversione of a4 switch that wA
oriqinally developed ad los Alames for use {n a high
current  vacuum  interrupter  system, The redundant
switches  {nclude another {nterrupter bypass switch and
di cdrcuft breaker which are used 4y a secondary system
tf th. primary system falls,

Fiqure 1 s & schemat{c af the protective dump
clrogtt for a single cofl, The  system operatey  a-
tollows. Al switches are (nftlally closed eancept
PLES, and 01 of the current flows through HP‘ and 0P
while 10 flows throuqgh nr(ul and D((H?. When thnn{
{s recelved to {nitfate an emergency dump, & siagnal (s

AWork per formed under  the
.5, Nepartment of nerqy.

ausplees of the

87545

Figq. 1.

Protective dump circuit.

qiven to PSCS to close and to the power supply to  turn
off. The closure of PSCS removes the output ifnductance
of the power supply t*us easing the interruption duty
of DCCR and also protects the power supply Vrom any
voltage transients. When PSCS has closed, RP beqins
to  open, This transfers the full current into DF(HI.
Wher RP. has full onened, NCCH, s given a siqgnal 0
trip, The opening of DC(’.Hl credtes a hingh arc voltange
and ‘ransfers all the current to dump resictor R, I
fo. some  reason this trancfer {< not completed,
redundant switches 1P, and JF(H} then onen in the same
SeQUeNC e Aas RP] and D CH].

The stx cotls {n [CT operate at different mavimum
current ranqing from 14 tn 24 kA, The dump  resistor
will he 0,1 ohme resulting (n macimum recovery vo!tyges
ranqing from 1.4 to 2.5 kV., Testy were conducted at
turrents ranqing fron 5 to ?% KA on a1l switches and
are detatled {n the follawinqg sectionsy,

Power Supply [rowhar hwitih

The power supply crowhar switch  hasn  two  hasde
dutfe<. -to ¢ lose on or "make” current< a. high an 24 kA
and to  carry this current on a continuous  hasis.
Fiqure 2 showy the cfrcyft uned to te 0 *his switch,

A current of 3V KA {5 drrtiated through @ while
PSES 1 open,  The switch  §4 then (lased  (ausing a
diversion of 2% kA through  PSCS, Dver 200 of these
make tests were performed on this switch,  There was no

PSCS R

g, 2. test cfrcutt for power suppr'v :rowbhar switch,



si?n of contact bounce or excessive erosion. The
switch was then run for efght hours at 25 kA. The
temperature rise was no greater than when the contacts
were new.

The Interrupter Bypass Switch

The interrupter bypass switch also has two basic
duties--to carry 22.5 kA continuously and to "break"
this curreat and divert it into the parallel dc circuit

breaker. A pictu-e of this switch in the test facility
1s shown in Fig. 3. The switch in the background 1is
the PSCS. After transferring the load current to the

interrupter, auxilliary contacts on
trip coil of the dc circuit breaker. This circuit
breaker generates arc voltages as high as 5 kv. BP
must not restrike under these voltage transients,

BP energize the

After temperature rise tests at 22.5 kA wore
completed, two sets of transfer tests were pe:-formed on
this switch. The f!-st set was a synthctic test which
util{zed the circuit ~f Fig. 4.

Initially, all switches excent S are closed and PS
is set to 25 kA. B} is then opened to transfer tne
full current to NCCB which ther opens. Because of the
limited energy stored 1in the inductance of the power

11q. ).

Interrupter byn ¢ switch (foreground) and
power supply crowbar switch (baclqround).

PSCS S

. 0 No—
BP )DCC 8 CS

&

Fig. 4. Synthetic test circutt for B8P.

supply loop, the arc in the DCCB clears without moving
into the 5 kV arc chute. PSCS now opens 01 2ero
current and S {s closed. The high voltage power
supply, HVPS, 1s sct to 10 kV; and thi voltage appears
across BP, simulating twice the arc voltage that would
have been generated by DCCB had sufficient energy been
stored in the loop. Over 200 tests were performed 1in
this manner with no hreakdown of BP. The oil was then
drained from BP, and the test was repeated with no oi)
in  the contact aqap. The sw'tch still performed
satisfactorily. Vhen the contact stroke was reduced to
one half the .ormal stroke, a breakdown was ohserved.
This exercise was dorie to determine 1f the switches had
sufficient dielectric strength to run in the absence of
a circulating ofl bath. The switch was then tasted
again for continuous current temperature rise,

The second set of tests were full power transfers
with subsequent high arc voltage interruptions. These
were also done with and without ofl in 8P, All of the
40 {nterruptions in this set were successful.

The NC Circuit Breaker

The dc circuit hreaker selected by ORNL ftor use in
LCT s a wWesiin house type DMD semi-high speed, air
magnetic circuit breaker., This interrupter has a 4 kA
continuous current rating and a special 5 kV arc chute.
The nominal voltage rating 1s 1.5 kV, Fiqure 5 1s a
photograph of two of these interr pters connected in
series in the test racility.

Tests hegan on a single circult breaker with the
circuit of Fiq. 6. In this circuit NDC.H and RP are
initially closed, S 1s open, and C 1is precharged. S
now closes and C discharges through L. D, crowhars C
when | has reached peak current and traps t&o {nductive
curreat in the circuit hreaker leq. Now, NP opens to
transfer the full current into DCCB which then opens.
The arc voltage of DCCR forces the current into R which
simulates a protective dump vperation.

Almost 100 {nterruptions, not all of which
ifnvolved NP, were performed on a4 sinale do circult
breaker. The value of R wos varfed from 60 to 170 mo,
The current was var'ied between 5 and 24 kA while | was
either 1.7 or 4.5 mH, Al fntervuptions were
successful., Wien the recovery voltage was under about
1.5 k¥, interruptions were qgenerally quite clean and
very quick, Fiqure 7 shows the current through NCCN
for a 12 kA, 1.1 kV {Interruption. When R was changed
to higher values and produced recovery vol tages greator
than 1.5 kV, {nterruptions were not as clean or quick,
Fiqure N shows an 1A kA interruption at 2,74 kV.

Nurina these types of tnterruptions, the circult
breaker restrikes on the lower contacts while the
primary arc {s in the arc chute. Thix restrike then



Two series connected Westinghouse
de circuit breakers.

~— DCCB
0%
B8P
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Fig. 6. Circuft breaker test schematic,

hecomes the primary arc and moves up into the arc chuyte
and the process repeats. Fventually the breaker
clears, possibly duer to the uprush of heated qas
generated by the prolonged arcing process,

Two hreakers wore
attempt to obtain clean
voltages., This attempt

connected in serfes in  an
fnterruptions at  higher
was ony partially success ful

Fiq. R.

1R kA, 72.25 kV interruption,

due to the high jftter of these circult hreakers. When
both interrupters opened simultancously, interruption
was quite good: however, this was achieved only about
7?51 of the time. The rest of the time, one of the
breakers would open early, and the restriking process

would continue wuntil the switch clearnd or until the
other breaker opened sufficently to assist. Althouqh
fnterru~tion was always achieved in these tests, the
restriking causes an accelerated erostodn of the

contacts and contamination of the {nsulators in the ar

chute which would eventyaliy lead to faflute of the
device.
Conclusfons
The power supply crowhar switch and the inter-
rupte- bypass switch were hoth able to carry thetr
continuous  design currents of 2% and ?27.% kA and

successfully perform thelr respective making and
breaking duties. R adversr erosion was detected fn
either device after several hundred operations, These
devices should be ahle to aperate mare than 1000 times
be fore matntenance s required. In addition, the
bypass  switch was abte to withstand reliably twice the
expiected voltage after current transfer to the DCCH,



The dc circuit ) reaker had no failures to inter-
rupt 1in any of the tests performed in which currents
ranged from 5 to 28 kA and recovery voltages from 0.8
to 2.6kV, Interruptions with recovery voltages
greater than about 1.5 kV were characterized by
multiple restrikes before final clearing. Tests with
two circuit breakers in series showed some improvement
in clearing time although this was strongly dependent
on the simultaneous opening of both breakers. This
simultaneous opening was hard to achieve because of the
high jitter of the devices.
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